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Abstract
We aimed to elucidate the relation between serum uric acid (SUA) level and severity of coronary artery disease (CAD) in
nondiabetic, nonhypertensive patients (n ¼ 246) with acute coronary syndrome (ACS). Severity of CAD was assessed by the
Gensini score. One, 2, and 3 or more diseased vessels were identified in 87 (35.4%), 55 (22.4%), and 104 (42.2%) patients, respec-
tively. Patients with hyperuricemia had higher Gensini score, high number of diseased vessels, critical lesions, and total occlusion.
Serum uric acid level was significantly associated with number of diseased vessels. Serum uric acid was an independent risk factor
for multivessel disease by univariate analysis. High levels of SUA associated with the severity of CAD in nondiabetic, nonhyper-
tensive patients with ACS.
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Introduction

Hyperuricemia is frequently noted in patients with coronary

artery disease (CAD), and increased serum uric acid (SUA) was

associated with increased risk of adverse cardiovascular

outcomes in patients with CAD.1-4 The physiopathological

mechanisms leading to increased risk are still unknown, but

SUA has been significantly associated with endothelial dys-

function, antiproliferative effects, and high oxidative stress.5,6

Severity of CAD may clarify the relation between SUA and

adverse outcomes in CAD. The aim of this study was to eluci-

date the relation between SUA level on admission and severity

of CAD in nondiabetic, nonhypertensive patients with acute

coronary syndrome (ACS).

Methods

Patients

The study involved 465 consecutive patients admitted to our

hospital with ACS. Patients with a history of diabetes mellitus,

defined as a fasting blood glucose level >110 mg/dL or using

antidiabetic drugs, a history of hypertension, defined as blood

pressure of �140/90 mm Hg or taking antihypertensive medi-

cation, a history of renal disease (or serum creatinine level >1.5

mg/dL), a history of coronary intervention or coronary artery

bypass graft, and history or presence of heart failure were

excluded.

Finally, 246 patients were included in the study. Informed

consent was obtained from all patients. Patients were divided

into 2 groups according to SUA levels as normouricemic or

hyperuricemic. The study was approved by our local ethical

committee. All demographic and clinical data were collected

prospectively.

Laboratory Analysis

In all cases, the blood samples including SUA, glucose, blood

urea nitrogen, creatinine, and lipid profile were obtained after
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fasting overnight (Thermo clinical lab system with Konelab 60

I kits, Helsinki, Finland). Hyperuricemia was defined as SUA >

6.0 for women and >6.5 mg/dL for men.7,8

Coronary Angiography

Quantitative coronary angiography was performed by 2 experi-

enced interventional cardiologists (M.D. and M.G.K.) by the

Judkins technique; they had no knowledge of the clinical infor-

mation. The Gensini score was used to evaluate the severity of

atherosclerosis.9 The most severe stenosis in each of 8 coronary

segments (left anterior descending artery, main diagonal

branch, first septal perforator, left circumflex artery, obtuse

marginal and posterolateral vessels, right coronary artery, and

main descending branch) was graded from 1 to 4 (1%-49%
lumen diameter reduction: 1 point, 50%-74% stenosis: 2,

75%-99% stenosis: 3, 100% occlusion: 4) to give a total score

of between 0 and 32.

Statistical Analysis

All analyses were performed using SPSS V 16.0 for windows

(version 16.0, SPSS, Chicago, Illinois). Quantitative variables

were expressed as mean value + standard deviation for para-

metric variables and median and range for nonparametric vari-

ables. Comparison of parametric values between 2 groups was

performed by means of the independent samples t test.

Comparison of nonparametric values between 2 groups was

performed by the Mann–Whitney U test. Categorical variables

were compared by the chi-squared test. The Pearson test was

used to assess correlation of parametric variables and the

Spearman used test for nonparametric variables. Differences

among number of diseased vessel groups were tested with

1-way analysis of variance. Multivariate logistic regression

analysis was performed to assess the effects of systolic and dia-

stolic blood pressure, uric acid, age, gender, total cholesterol,

and white blood cell on severity of CAD. A 2-tailed P < .05 was

considered significant.

Results

Hyperuricemia was determined in 94 (38.2%) patients. One, 2,

and 3 and more diseased vessels were determined in 87

(35.4%), 55 (22.4%), and 104 (42.2%) patients, respectively.

Table 1 presents the association of atherosclerotic properties

of patients and hyperuricemia. Patients with hyperuricemia had

higher Gensini score, high number of diseased vessels, critical

lesions >50% or >70% and totally occlusion. Serum uric acid

level was significantly associated with number of diseased

vessels. Only advanced age and high low-density lipoprotein

cholesterol (LDL-C) level were associated with number of

diseased vessels (Table 2).

Serum uric acid was an independent risk factor for multives-

sel disease by univariate analysis (odds ratio [OR]: 1.47, P <

.001). Gensini score was correlated with SUA (r ¼ .452, P <

.001), age (r ¼ .452, P ¼ .001), creatinine level (r ¼ .151,

P ¼ .019), and LDL-C (r ¼ .165, P ¼ .012). Number of dis-

eased vessels correlated with SUA (r ¼ .334, P < .001), age

(r ¼ .171, P ¼ .011), and LDL-C (r ¼ 178, P ¼ .007).

After multivariate analysis, high levels of SUA were inde-

pendent predictors of multivessel CAD (OR: 1.616, 95%
confidence interval 1.243-2.101, P < .001) together with age

(OR: 1.043, 95% confidence interval 1.008-1.078, P ¼ .014).

Discussion

Because of the effects of SUA to atherogenesis,10 we hypothe-

sized that in nondiabetic, nonhypertensive patients with ACS,

high level of SUA was associated with the severity of CAD.

We found that high levels of SUA were significantly associated

with severity of CAD in these patients with ACS.

In some epidemiological studies, a high level of SUA was

an independent risk factor for atherosclerosis, cerebro- and

cardiovascular events, cardiovascular mortality, and all-

cause mortality in patients with CAD and in the general

population.1-4,11,12 In a recent meta-analysis, investigators

reported that hyperuricemia was associated with an increased

risk of CAD incidence and mortality.13 Despite the strength of

Table 1. Association of Atherosclerotic Characteristics of Patients and Hyperuricemia

Normouricemic Patients (n ¼ 152) Hyperuricemic Patients (n ¼ 94) P

Gensini score 6 (2-16) 10 (3-28) <.001
Number of diseased vessel 1.8 + 0.8 2.5 + 0.7 <.001
Number of diseased vessel (>50%) 1.4 + 0.6 2.1 + 0.7 .011
Number of critical lessions (>50%) 1.8 + 1 3.3 + 1.9 <.001
Number of critical lessions (>70%) 1.6 + 0.9 2.9 + 1.6 <.001
Number of non-critical lessions 0 (0-6) 1 (0-6) .038
Totally occlusion (n, %) 76 (50%) 57 (60.6%) .022
Left main disease (n, %) 3 (1.9%) 3 (3.1%) .548
1 Vessel (n, %) 71 (46.7%) 16 (17.0%)
2 Vessels (n, %) 41 (26.9%) 14 (14.8%) <.001
3 or more vessels (n, %) 40 (26.3%) 64 (68.0%)
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these associations between SUA and CAD, controversial find-

ings were obtained by others.14,15 So, the role of SUA as an inde-

pendent risk factor for cardiovascular events remains uncertain.

The underlying mechanisms linking SUA and cardiovascu-

lar mortality have not yet been clearly demonstrated. Uric acid

is the final product of purine metabolism.16 Although it has

antioxidant properties at low serum levels, when this value is

above 6 to 6.5 mg/dL (for females and males, respectively),

these properties change to a pro-oxidant state.7,8 Uric acid

plays an important role in the formation of free radicals,

platelet adhesiveness, and aggregation as well as thrombus

formation.5,13,17,18 High levels of SUA was associated with

endothelial dysfunction, antiproliferative effects, impaired

nitric oxide production, lipid peroxidation, and smooth muscle

proliferation.3,6,13,19-21 Kanbay et al suggested that hyperurice-

mia may also cause microvascular damage in the renal vascular

bed and exacerbate vascular disease.19 We suggested that high

SUA levels are associated with severity of CAD and this may

explain the cardiovascular outcomes associated with increased

SUA levels.

A positive association between SUA level and presence of

CAD was reported in previous studies.22,23 However, the

results of studies investigated a relation between SUA level and

severity of CAD was controversial.24-27 The study populations

in these studies were different from each other and some of

them had small sample sizes. Deveci et al reported that SUA

was associated with the presence and severity of CAD in

patients who underwent coronary angiography.24 Kanbay

et al showed that SUA was an independent determinant of

severity of CAD in patients with mild-to-moderate chronic kid-

ney disease.25 Lu et al reported that there was no relationship

between SUA levels and the severity of CAD.26 Gur et al

showed that SUA correlated with the presence, but not the

severity of CAD.27 In our study, first we showed this relation-

ship in patients with ACS who were nonhypertensive, nondia-

betic, and had normal kidney function. Also, our study group

did not take any antihypertensive agents that may affect SUA

levels (eg, diuretics).28 So, our results showed an effect of SUA

on severity of CAD without confounding by these factors.

Elevated SUA has been found to be associated with disor-

dered glucose metabolism, dyslipidemia, obesity, metabolic

syndrome, hypertension, and renal disease each of which play

a role in the pathogenesis of CAD.15,29-31 Because of this asso-

ciation, we excluded patients with diabetes, hypertension, renal

disease, and history of past coronary intervention. Also, the

characteristics of patients with hyperuricemia were not signif-

icantly different from patients with normouricemia (Table 3).

A link between elevated SUA levels, nonalcoholic fatty liver

disease, and vascular risk has been also suggested.32 In our

study, SUA levels were not associated with liver function tests.

Serum uric acid may be an important, simple and cost

effective vascular risk marker which is routinely measured in

clinical practice.33

Limitations

We assessed the severity of coronary atherosclerosis with Gen-

sini score and number of diseased vessels. The SYNTAX score

is an angiographic tool to determine the complexity of CAD.34

It provides more detailed information about coronary athero-

sclerosis rather than the Gensini score. However, we did not

use SYNTAX score because when we designed the study, the

SYNTAX score was not used consistently. Also investigators

previously reported an association between a fall in SUA levels

Table 2. Baseline Clinical Characteristics of the Study Population According to the Angiographic Findings

1 Vessel (n ¼ 87) 2 Vessels (n ¼ 55) �3 Vessels (n ¼ 104) P

Uric acid, mg/dL 5.3 (2.7-9.5) 5.6 (2.9-9.5) 6.7 (3.1-12.5) <.001
Gensini score 4 (2-7) 7 (3-11) 11 (5-28) <.001
Age, years 55 + 11 55 + 13 60 + 12 .017
Systolic BP, mm Hg 113 (90-140) 110 (85-140) 116 (90-140) .084
Diastolic BP, mm Hg 71 (60-90) 72 (60-90) 72 (50-90) .846
BMI, kg/m2 28.4 (23-36) 26.4 (22-35) 26.5 (20-34) .071
Hemoglobin, mg/dL 14.4 (8.9-18.5) 14.5 (8.1-19) 14.2 (9.4-18) .624
White blood cell, mm3 10.1 (3.6-19.5) 10.5 (4.7-20) 11 (1.6-20.8) .516
Glucose, mg/dL 97 + 12 101 + 12 99 + 14 .280
BUN, mg/dL 25 (8-56) 26 (8-70) 26 (5-72) .879
Creatinine, mg/dL 0.8 (0.3-1.3) 0.9 (0.3-1.4) 0.9 (0.2-1.5) .106
Sodium, mmol/L 139 + 3.3 139 + 3.5 139 + 2.6 .343
Potassium, mmol/L 4.2 + 0.3 4.2 + 0.4 4.1 + 0.4 .814
Total cholesterol, mg/dL 176 + 34 186 + 42 188 + 42 .129
LDL-C, mg/dL 110 + 33 120 + 39 124 + 35 .043
HDL-C, mg/dL 37 (20-88) 33 (21-57) 36 (19-79) .103
Triglycerides, mg/dL 145 (32-849) 158 (51-650) 140 (33-675) .625
Total protein, g/dL 6.6 + 0.5 6.6 + 0.5 6.6 + 0.6 .861
Albumin, g/dL 4 + 0.4 3.9 + 0.4 3.9 + 0.5 .644

Abbreviations: BP, blood pressure; BMI, body mass index; BUN, blood urea nitrogen; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol.
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and statin use35 but we had no information about statin use in

our study.

We showed that high levels of SUA are associated with the

severity of CAD in nondiabetic, nonhypertensive patients with

ACS. This may explain the cardiovascular risk associated with

raised SUA levels. High levels of SUA may become surrogate

markers of CAD severity.
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